tial microscopic changes observed by low power microscopy in the nailfold capillaries of patients with SD and related disorders.
Patients and methods

PATI ENTS
Seven patients attending the rheumatic diseases unit, Dunedin Hospital, Dunedin, New Zealand, were studied. The diagnostic groups included four with SD, one with DM, one with MCTD, and one with a limited connective tissue disease syndrome (LCTD).6 Diagnosis of SD was based on the American Rheumatism Association criteria.7 The clinical characteristics of the patients are summarised in Table 1 . group.bmj.com on October 14, 2017 -Published by http://ard.bmj.com/ Downloaded from 58 Wong, Highton, Palmer avascular scores for each patient are shown in Table 1 .
Progressive enlargement of both normal sized capillaries and capillaries already enlarged at the beginning of the study was observed (Fig. 2) . A number of capillaries that showed progressive enlargement finally became obliterated, leaving typical avascular areas (Fig. 2) . Some enlarged capillaries remained the same size for some months before becoming obliterated (Fig. 3) . Although nonenlarged capillaries were occasionally lost, this occurred infrequently (Fig. 4) . This process of progressive enlargement followed by loss of capillaries was observed in three patients, one each with SD, DM, and MCTD (patient Nos 1, 5, and 6). Immediately to the left of the capillary loop that is lost is a loop which progressively enlarges through this series (black arrows) and which was also subsequently lost (not shown). Two further loops have enlarged in mid-field.
Another prominent feature was evidence of recurrent episodes of extravasation from capillary loops, seen as deposits lying within the nail cuticle immediately distal to the involved capillary. Distal migration of the deposits, followed by further episodes of extravasation, sometimes gave rise to a 'beaded' appearance (Figs 4, 5, and 6 ). In some cases extravasation from multiple independent capillary loops led to rows of beaded extravasates which sometimes fused to form transverse lines in the cuticle (Fig. 5 ). Extravasations were more frequently associated with enlarged capillaries than with those of normal size.
Loss of a capillary loop was often heralded by episodes of extravasation (Fig. 6) . When loss of a capillary did occur without extravasation having been visible in direct apposition to the involved loop, evidence of an earlier episode of extravasation could usually be found in the nailfold cuticle distal to the site from which the capillary had been lost ( Figs  3 and 4) . Most episodes of extravasation, however, Nailfold capillary microscopy in scleroderma 59
were not associated with capillary obliteration during the period of observation.
Deformities of capillaries producing a bushy appearance were also seen. In one instance, one capillary loop in a group of four developed a bushy appearance. This was associated with recurrent episodes of extravasation from the three adjacent capillaries terminating in their loss, leaving the remaining capillary loop altered to a bushy form (Fig. 7) .
Discussion
The presence of enlarged nailfold capillaries in SD was noted more than 60 years ago by Brown and O'Leary, who suggested that these enlarged loops 'may be a pathologic state related to the fibrotic changes in the corium, that is, back pressure effects'. favoured the idea that the capillary loops enlarge to compensate for the loss of other capillaries.9 10 Our study has shown that capillary loops often enlarge before becoming obliterated, and that enlarged loops are more prone both to extravasations and loss than are non-enlarged loops. This suggests that capillary enlargement is a consequence of capillary injury. If enlarged capillaries do represent a compensatory mechanism, our findings might be explained by postulating that 'hypertrophied' loops are more prone to damage than non-enlarged loops. We did, however, also observe numbers of enlarged capillaries, including giant loops, which remained unchanged without extravasation or loss during the whole study period despite adjacent enlarged loops undergoing further sequential changes. Thus we favour the view that capillary enlargement is most likely the result of mural damage. Capillary loops that finally underwent obliteration usually appeared to first leak extravasate. Thompson et al found a correlation between the degree of capillary loss and the amount of plasma protein deposited in the involved nailfold cuticles and suggested that 'a portion of escaped plasma proteins may come from capillaries being destroyed'. Our observations support this view.
Extravasation presumably reflects a stage in progressive damage to the capillary wall which may culminate in capillary loss. The common longitudinal beaded appearance of the extravasations suggests that extravasation often occurs episodically from particular capillaries. Extravasations The presence of bushy capillaries has been attributed to budding of capillaries in attempted revascularisation. 4 Our observation of the evolution of a bush after the loss of three adjacent capillary loops is consistent with this view.
Maricq and Spencer-Green et al have stated that nailfold capillary abnormalities are stable and do not change with time. 15 16 We observed sequential changes at intervals of no more than a month. These may have been the result of undertaking our study during the colder winter months, though the lowest day temperature recorded during the period of observation was just -2-5°C. Further sequential studies in patients with early disease carried out during the warmer as well as the colder months may help determine the importance of environmental temperature. We have not attempted to differentiate between the disorders studied on the basis of these time related changes, but future work might well be addressed to this aspect.
We conclude from our study that enlarged nailfold capillary loops in SD and related disorders occur as a result of injury, and not as a compensatory mechanism as has been previously suggested. The vasculopathy is overtly progressive within relatively short time spans, and avascular areas result when damaged capillaries become obliterated. 
